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(54) Epoxy resin compositions and semiconductor devices encapsulated therewith 

(57) In an epoxy resin composition comprising an 
epoxy resin, a curing agent and at least 70% by weight 
of an inorganic filler, at least one of the epoxy resin and 
the curing agent has such a molecular weight distribu- 
tion as to provide an average dispersity Mw/Mn of iess 
than 1.6, a two-nucleus compound content of less than 
8% by weight and a seven- and more-nucleus com- 
pound content of iess than 32% by weight When the 
composition is cured at 1 80°C for 90 seconds into a pri- 
mary product having Tg1 and the primary product post- 
cured at 1S0°C for 5 hours into a secondary product 
having Tg2 r the relationship: (Tg2-Tg1)/Tg2 < 0.1 is sat- 
isfied. The composition is fast-curing and effectively 
moldabfe and cures into a reliable product without a 
need for postcure. . 
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Description 

BACKGRO UND OF THE INVENTION 
5 Field of the Invention 

|00G1] The present invention relates to epoxy resin compositions which are fast-curing and effectively moidabie and 
cure into reliable products without a need for postcure. Hie invention also relates to semiconductor devices encapsu- 
lated with the compositions in a cured state. 

10 

Prior Art 

|0002] The semiconductor devices in use today are predominantly resin encapsulated diodes, transistors, integrated 
circuit (10) chips, large scale integration (LSI) chips, and very large scale integration (VLSI) chips. Resin encapsulation 
is is usually carried out with epoxy resin compositions because epoxy resins offer superior properties (e.g., moldability, 
adhesion, electrical characteristics, mechanical characteristics, and moisture resistance), compared with other thermo- 
setting resins. 

[0003] For cost reduction and energy saving purposes, there is an increasing demand for epoxy resin compositions 
having adequate molding properties including fast-curing and curing into reliable products which can be used without 
20 postcure. 

[00043 However, if the amount of catalyst is increased for endowing fast-curing properties, the resulting epoxy resin 
compositions have many disadvantages including a shortened gel time and an increased melt viscosity, which cause 
under-filling, voids and gold wire shifts. In addition, these compositions have poor shelf stability and provide less reliable 
encapsulation of semiconductor devices. 

25 

SUMMARY OF THE INVENTION 

[0005] Therefore, an object of the invention is to provide an epoxy resin composition which is effectively moidabie and 
eliminates a need for postcure. Another object is to provide a reliable semiconductor device encapsulated with the com- 
30 position in a cured state. 

[0006] Regarding an epoxy resin composition comprising an epoxy resin, a curing agent, and an inorganic filler, with 
high loadings of the inorganic filler, the inventor has found that when either one or both of the epoxy resin and the curing 
agent has a specific molecular weight distribution and the change of glass transition temperature between as-molded 
and as-postcured products is minimized, the resulting epoxy resin composition has good moldability and shelf stability 

35 and can be used without postcuring. 

[0007] The present invention provides an epoxy resin composition comprising an epoxy resin, a curing agent, and an 
inorganic filler as essential components. (A) At least one of the epoxy resin and the curing agent has such a molecular 
weight distribution that the average dispersity Mw/Mn defined as a weight average molecular weight Ivlw divided by a 
number average molecular weight Mn is less than 1 .6, and the content of a two-nucleus compound is less than 8% by 

40 weight and the total content of seven- and more-nucleus compounds is less than 32% by weight. (B) The inorganic filler 
is present in an amount of at least 70% by weight of the entire composition. (C) When the composition is cured at 1 S0°C 
for 90 seconds into a primary product having a first glass transition temperature Tg1 and the primary product is post- 
cured at 180°C for 5 hours into a secondary product having a second glass transition temperature Tg2, the first and sec- 
ond glass transition temperatures Tg1 and Tg2 satisfy the relationship: 

45 

(Tg2-Tg1)/Tg2 <0.1. 

[0008] For simplicity's sake, the glass transition temperature is often abbreviated as Tg. 
so DETAILED DESCRIPTION OF THE INVENTION 

[0009] The epoxy resin used herein may be any epoxy resin having at least two epoxy groups per molecule, illustrative 
examples of suitable epoxy resins include bisphenol-type epoxy resins such as bisphenol A epoxy resins and bisphenof 
F epoxy resins, novolac-type epoxy resins such as phenolic novolac epoxy resins and cresol novolac epoxy resins, 
55 triphenolalkane epoxy resins and polymerized products thereof, biphenyl epoxy resins, dicyclopentadiene-modified 
phenol novolac epoxy resins, phenolic aralkyl epoxy resins, biphenyl aralkyf epoxy resins, naphthalene ring-containing 
epoxy resins, glycidyl ester type epoxy resins, aiicyclic epoxy resins, heterocyclic epoxy resins, and brominated epoxy 
resins. Of these epoxy resins, novolac-type epoxy resins such as epoxy cresol novolac resins are preferable from the 
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considerations of cost and moldability. 

[0010] The epoxy resins should preferably have a softening point of 50 to 120 C C and an epoxy equivalent of 100 to 
400. Epoxy resins with a softening point of lower than 50°C tend to form burrs and voids when molded and would result 
in cured products having a lower Tg whereas epoxy resins with a softening point of high than 120°C would be too vis- 
s cous to mold. 

[001 1 J When the epoxy resins are used for the encapsulation of semiconductor devices, it is preferred that the content 
of hydrolyzabfe chiorine be up to 1 ,000 ppm r more preferably up to 500 ppm, and the contents of sodium and potassium 
be each up to 10 ppm. If semiconductor devices are encapsulated with compositions containing an epoxy resin with 
more than 1 ,000 ppm of hydrolyzable chlorine or more than 10 ppm of sodium or potassium, the encapsulated devices 

w would experience deterioration of moisture resistance during long-term storage under hot humid conditions. 

[0012] The curing agent for the epoxy resins is preferably a phenolic resin having at feast two phenolic hydroxy! 
groups per molecule. Exemplary curing agents include bisphenol-type phenolic resins such as bisphenol A and bisphe- 
noi F, novolac-type phenolic resins such as phenolic novolac resins and cresol novofac resins; phenolic resins such as 
resole type phenolic resins, phenol aralkyl resins, biphenyl type phenolic resins, biphenyl aralkyl-type phenolic resins, 

is and triphenol alkane resins and polymerized products thereof; and naphthalene ring-bearing phenolic resins and dicy- 
clopentadiene-modified phenolic resins. Of these phenolic resins, novolac-type phenolic resins such as phenolic 
novofac resins are preferable from the considerations of cost and moldability. Amine curing agents and acid anhydride 
curing agents may also be used in combination with the phenolic resins. 

[0013] The phenolic resin curing agents should preferably have a softening point of 60 to 150°C r especially 70 to 
20 1 30°C and a phenolic hydroxyl equivalent of 90 to 250- When the phenolic resins are used for the encapsulation of sem- 
iconductor devices, it is preferred that the contents of sodium and potassium be each up to 10 ppm. If semiconductor 
devices are encapsulated with compositions containing a phenolic resin with more than 10 ppm of sodium or potas- 
sium, the encapsulated devices would experience accelerated deterioration of moisture resistance during long-term 
storage under hot humid conditions. 
25 [0014] The curing agent may be blended in any desired amount insofar as the amount is effective for causing the 
epoxy resin to cure. When the phenolic resin as mentioned above is used as the curing agent, it is preferably blended 
in such amounts that the molar ratio of phenolic hydroxyl groups sn the phenolic resin to epoxy groups in the epoxy resin 
may range from 0.5 to 1 .5, especially from 0,8 to 1.2. 

[0015J According to the present invention, in order to improve moldability and eliminate postcuring, either one, pref- 
30 erably both of the epoxy resin and the curing agent should have such a molecular weight distribution that 

(1 ) the average dispersity Mw/Mn defined as a weight average molecular weight Mw divided by a number average 
molecular weight Mn is less than 1 .6, and 

(2) the content of a two-nucleus compound is less than 8% by weight and the total content of seven- and more- 
35 nucleus compounds is less than 32% by weight 

[001 6] With the average dispersity Mw/Mn less than 1 .6, if the content of a two-nucleus compound is equal to or more 
than 8% by weight, the Tg as molded becomes low, and if the content of seven- and more-nucieus compounds is equal 
to or more than 32% by weight, the melt viscosity becomes high, inducing failures such as wire shifts. If the average 

40 dispersity Mw/Mn is equal to or more than 1 .6, even though condition (2) is satisfied, curing reaction becomes non-uni- 
form and reactivity lowers, resulting in lowerings of Tg and moisture resistance. The more preferred molecular weight 
distribution is that the average dispersity fvlw/Wn is 1 .0 <, Mw/Wn < 1 .5, the content of a two-nucleus compound is up to 
7% by weight, and the total content of seven- and more-nucleus compounds is up to 30% by weight 
[001 7] The term "nucleus" in the epoxy resin or curing agent (i.e., phenolic resin) designates a benzene ring skeleton 

45 contained in the molecule of the epoxy resin or phenolic resin as the curing agent. For example, a biphenyl skeleton 
and naphthalene skeleton each are counted as "two-nucleus." 

[0018] The inorganic filler is selected from fillers commonly used in epoxy resin compositions and blended in an 
amount of at least 70% by weight of the entire composition. The inorganic filler is blended in order to reduce the coeffi- 
cient of expansion of encapsulants for reducing the stress applied to semiconductor devices. Typical of the inorganic 
so filler are fused silica in ground or spherical form and crystalline silica, although alumina, silicon nitride, aluminum nitride, 
and other fillers may also be used. 

£0019] The inorganic filler preferably has a mean particle size of 3 to 30 urn, especially 5 to 20 urn. The loading of 
inorganic filler is at least 70% by weight of the entire composition, and typically 70 to 92% by weight, especially 75 to 
90% by weight of the entire composition. Epoxy resin compositions loaded with less than 70% by weight of the inorganic 
55 filler have a high coefficient of expansion, causing greater stresses to be applied- to semiconductor devices and hence, 
deterioration of the device characteristics. In addition, epoxy resin compositions loaded with less than 70% by weight 
of the inorganic filler have a lower Tg immediately after molding than the fully loaded compositions. 
[0020] The mean particle size can be determined as a weight mean diameter or median diameter by a particle size 
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distribution measuring device based on such a process as laser light diffraction process, 

[0021 ] To achieve a good compromise between reduced expansion of cured products and moldabiliiy of compositions, 
it is recommended to use a blend of fillers in spherical and ground forms or only a filler in spherical form. The inorganic 
filler is preferably used after it is surface treated with a coupling agent such as si lane coupling agents and titanium com- 
5 pound coupling agents. 

[0022J In the composition, conventional well-known curing accelerators such as organic phosphorus derivatives and 
organic nitrogenous derivatives may be used. It is especially preferred to use latent catalysts as the curing accelerator. 
If non-latent curing accelerators are used in a sufficient amount to endow fast-curing ability, then the compositions can 
be degraded m rnoidability and shelf stability. The latent catalyst may be selected from conventional well-known ones, 

ic for example, tertiary amine compounds and organic phosphorus compounds. 

[0023] Examples of the tertiary amine compounds include amine compounds having an alkyf or ar&lkyi group as a 
substituent bonded to a nitrogen atom such as triethyiamine, benzyldimethylamine and a -methylbenzyidimethylamsne, 
cydoamidine compounds and organic add salts thereof such as 1 ,8-diazabicyclo[5.4.0jundecene-7 and its phenol salt, 
octanoic acid salt and oleic acid salt, and salts or complex salts of cydoamidine compounds and quaternary boron corn- 

15 pounds such as the compound below: 



Examples of the organic phosphorus compounds include organic phosphine compounds and salts thereof such as 
25 triphenylphosphine, iributylphosphine, tri(p-to!uil)phosphine r tri(p-methoxyphenyl)phosphine, fri{p-ethoxyphenyf)phos- 
phine, triphenylphosphine • triphenylborate, and quaternary phosphonium compounds and salts thereof such as 
tetraphenylphosphonium^tetraphenylborate. Preferred are triphenylphosphine and its derivatives, and phenol salts, 
quaternary phosphonium salts and derivatives of tertiary amines. 

[0024] The amount of curing accelerator used is usually up to 10 parts, preferably 0.001 to 1 0 parts, especially 0.1 to 
30 4 parts by weight per 100 parts by weight of the epaxy resin. Less than 0,001 part of the curing accelerator sometimes 
woufd be too small to provide a test-curing ability whereas more than 1 0 parts would give a too high curing rate to mold 
acceptable parts. 

[0025] For imparting flexibility, toughness or bondability to the epoxy resin composition In the cured state, silicone- 
modif ied aromatic resin copolymers such as block copolymers of organopolysiloxanes and epoxy resins and block 
35 copolymers of organopoiysiloxanes and phenolic resins, various organic synthetic rubbers, thermoplastic resins such 
as methyl methacrylate-styrene-butadiene copolymers and styrene-ethylene-butene-styrene copolymers, silicone gel, 
and silicone rubber may be added in finely divided form. Also, the inorganic filler may be surface treated with two-part 
type silicone rubber compounds or silicone gel. It is noted that the silicone- modified aromatic resin copolymers and 
methyl methacrylate-styrene-buiadiene copolymers mentioned above are also effective for reducing the stress of epoxy 



[0026] The amount of the silicone-modrfied aromatic resin copolymer and/or thermoplastic resin used as the stress- 
reducing agent is usually up to 10% by weight, preferably 0.2 to 10% by weight, especially 0.5 to 5% by weight of the 
entire epoxy resin composition. Less than 0.2% of such component sometimes would fall to provide sufficient resist- 
ance to heat shock whereas more than 1 0% would cause a loss of mechanical strength, 

45 [0027] fn the composition of the invention, if desired for improving moisture resistance and hot-storage stability, there 
may be further blended parting agents such as modified carnauba wax, higher fatty acids, and synthetic waxes as well 
as silane coupling agents, titanium coupling agents, antimony oxide and phosphorus compounds. 
[0028] The epoxy resjn composition of the present invention may be prepared by melt mixing the ingredients 
described above in a suitable apparatus such as a hot roll mill, kneader or continuous extruder. The order of blending 

so the ingredients is not critical. 

[0029] In order that the epoxy resin composition be usable without a need for postcuring, the composition should sat- 
isfy the minimal change of glass transition temperature between its molded and postcured products. Specifically, when 
the composition is molded (and cured) into a primary product having a first glass transition temperature Tg1 and the 
primary product is then postcured into a secondary product having a second glass transition temperature Tg2, the 

55 change of Tg F defined as (Tg2 - Tgl)/Tg2 , is less than 0. 1 . 



e 
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40 resins. 



(Tg2 -Tg1)/Tg2 < 0.1 
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[0030] The Tg1 of the primary or as-molded product is the glass transition temperature as measured by TMA (i.e., 
Thermal Mechanical Analysis) of a specimen (5x5x15 mm) molded and cured at 18CTC for 90 seconds using a transfer 
molding machine. The Tg2 of the secondary or as-postcured product is the glass transition temperature of the same 
specimen postcured at 180°C for 5 hours. 

5 [0031 3 A Tg change of equal to or more than 0. 1 indicates a greater difference in glass transition temperature between 
molded and postcured states, failing to provide, an epoxy resin composition which can be used without postcuring. 
Since semiconductor devices encapsulated with epoxy resin compositions are often exposed to a high-temperature 
environment because of the heat generation during operation, a composition with a Tg change of equal to or more than 
0.1 allows its Tg to gradually change in the service environment, resulting in variations of various properties and still 

io worse, warpage of the device, 

[0032] Preferably, the Tg change is from 0 to 0.08. 

[0033] In order to ensure that the epoxy resin composition perform without postcuring, the epoxy resin composition 
should preferably have a (residual) conversion as defined by the following expression. 

16 AH1/AH0 < 0.05, 

[0034] AH is an enthalpy change, that is reaction energy obtained when the epoxy resin composition or its primary 
cured product is analyzed by differential scanning colonmetry (DSC). AH0 is an enthalpy change obtained when the 
uncured composition is analyzed by DSC, and AH1 is an enthalpy change obtained when the primary product obtained 

20 by curing the composition at 180*0 for 90 seconds is analyzed by DSC. 

[0035] Provided that the enthalpy change AHO until the uncured composition is completely cured, as measured by 
DSC, corresponds to a conversion of 100%, the above expression indicates that the primary product obtained by curing 
the composition "at 180°C for 90 seconds has a residua* conversion of less than 5%. AH 1 /AHO values equal to or more 
than 0.05 indicate that the curing reaction of the primary product has not proceeded to a full extent, so that if the primary 

25 product as molded is used without postcuring, it undesirably undergoes thermal degradation and hence, changes its 
properties. The preferred value of AH 1 /AHO, that is residual conversion, is up to 4.5%, especially 0 to 4.2%. 
[0036] The Tg change can be controlled so as to fall within the above-specified range, by selecting the molecular 
weight distribution of the epoxy resin and/or the curing agent within the above-specified range and selecting the blend- 
ing amount of the inorganic filler at or above 70% by weight of the entire composition. The residual conversion can be 

so controlled so as to fail within the above-specified range, by restricting the content of two-nucleus compound below 8% 
by weight in addition to the above selections. 

[0037] The epoxy resin compositions of the invention can be effectively used for encapsulating various types of sem- 
iconductor packages including DIP, fiat pack, PLCC and SO types. Encapsulation can be carried out by conventional 
molding methods, for example, transfer molding, injection molding and casting. The epoxy resin composition of the 
35 invention is preferably molded at a temperature of about 150 to 190°C. Postcuring is essentially unnecessary although 
no detrimental problems arise when postcuring is effected at about 150 to 185°C for about 1/2 to 16 hours. 
[0038] There have been described epoxy resin compositions which are fast-curing and effectively moldable and cure 
into reliable products without a need for postcure. The semiconductor devices encapsulated with these compositions in 
a cured state are thus highly reliable. 

40 

EXAMPLE 

[0039] The following examples are provided to illustrate the invention, and are not intended to limit the scope thereof. 
AN parts are by weight. 

45 

Examples 1-4 and Comparative. Examples 1-3 

[0040] Seven epoxy resin compositions were prepared by using the epoxy resin shown in Table 1 and the phenolic 
resin shown in Table 2 in the combination shown in Table 3 and adding thereto 400 parts of a silica mixture consisting 

so of 20% by weight of fragmental fused silica with a mean particle size of 10 \im, 75% by weight of spherical fused silica 
with a mean particle size of 30 um, and 5% by weight of spherical fused silica with a mean particle size of 0.5 pm, 10 
parts of antimony irroxide, 1 .5 parts of Wax E t 1 .0 part of carbon black, 10 parts of a brominated epoxy phenolic novolac 
resin having a bromide content of 35.5% by weight and an epoxy equivalent of 283, and 1 .0 part of 3-glycidyloxypropyl 
trrmethoxysslane. The blends were uniformly melt milled in a hot two-roll mill, and further melt milled with triphenyiphos- 

85 phine as a curing accelerator, the amount of which is shown in Table 3. It is noted that the amount of the epoxy resin, 
phenolic resin, and brominated epoxy phenolic novolac resin combined was 100 parts, and the molar ratio of phenolic 
hydroxy! groups in the phenolic resin to epoxy groups in all the epoxy resins was 1 .0. 

[0041 ] The thus obtained epoxy resin compositions were examined for the following properties. The results are shown 
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in Table 3. 

(1) Spiral Flow 

[0042] The spiral flow was measured according to EMMS standards by molding the composition in a mold at 1S0°C 
and 70 kgf/cm 2 . 

(2) Hardness When Hot 

[0043] A rod measuring 100x10x4 mm was molded at 1S0°C and 70 kgf/cm 2 for 90 seconds. The hardness when hot 
was measured with a Barcof Impressor. 

(3) Glass Transition Temperature (Tg) 

[0044] A test specimen with dimensions of 5x5x 15 mm was molded at 1 80°C and 70 kgf/cm 2 for 90 seconds. Meas- 
urement was carried out by heating the test specimen at a rate of 5°C/min in a dilatometer, obtaining Tgl The speci- 
men was postcured at 180°C for 5 hours before measurement was similarly carried out by means of the dilatometer, 
obtaining Tg2. 

(4) Residua! Conversion 

E004S] The composition was analyzed by DSC to determine AH0 and AH1 1 from which the residual conversion 
AH1/AH0 was calculated. 

[0048] Note that AH is an enthalpy change obtained when the epoxy resin composition or its primary cured product 
is analyzed by DSC. AH0 is an enthalpy change obtained when the uncured composition is analyzed by DSC, and AH1 
is an enthalpy change obtained when the cured product obtained by molding the composition at 180°C for 90 seconds 
is analyzed by DSC. 

(5) Package Voids 

[0047] Six quad flat packs (QFP) of 14x20x2 mm were molded under conditions: 18Q°C, 70 kgf/cm 2 and a time of 90 
seconds. Using an ultrasonic flaw detector, internal voids were examined. Voids with a size larger than 0.5 mm were 
counted. 

(6) Moisture Resistance 

[0048] Forty 100-pin quad flat packs (QFP) including an IC circuit were molded under conditions: 180°C, 70 kgf/cm 2 
and a time of 90 seconds. A pressure cooker test (PCT) was carried out at 121°C for 1,500 hours. Those samples 
whose resistance Increased by a factor of 3 or more were counted. 

(7) Wire Flow 

[0049] Ten 100-pin QFP T s were molded under the same conditions as in (6). Percent gold wire shifts were determined. 
An average of maximum percent wire shifts was determined, for each package. 



Table 1 





Epoxy equivalent 


Softening point (°C) 


Mw/Mn 


Two-nucleus con- 
tent (%) 


Seven and more- 
nucleus content 
(%) 


Epoxy resin A 


192 


72 


1.41 


6 


29 


Epoxy resin B 


166 


56 


1.33 


1> 


2 
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Table 1 (continued) 





Epoxy equivalent 


Softening point (°C) 


Mw/Mn 


Two-nucleus con- 
tent (%) 


Seven and more- 
nucleus content 
(%) 


Epoxy resin C 


198 


69 


2.07 


12 


39 


Epoxy resin A is an epoxidized o-cresof novoiac resin 

Epoxy resin B is an epoxidized triphenolmethane resin, 

Epoxy resin C is an epoxidized o-cresol novoiac resin (comparative one). 



Table 2 





Hydroxyl equiva- 
lent 


Softening point 
(°G) 


MwMn 


Two-nucleus con- 
tent (%) 


Seven and more- 
nucleus content 
(%) 


Phenolic resin D 


109 


98 


1.24 


5 


28 


Phenolic resin E 


109 


100 


1.75 


15 


44 


Phenolic resin F 


109 


80 


1.68 


28 


38 


Phenolic resin D is a phenolic novoiac resrn. 

Phenolic resin E is a phenolic novoiac resin (comparative one). 

Phenolic resin F is a phenolic novoiac resin (comparative one). 



Table 3 



45 





E1 


E2 


E3 


E4 


CE1 


CE2 


CE3 


Epoxy resin A 


54.75 


54,75 


0 


0 


0 


0 


0 


Epoxy resin B 


0 


0 


0 


52.00 


0 


0 


0 


Epoxy resin C 


0 


0 


55.56 


0 


55.56 


55.56 


55.56 


Phenolic resin D 


35.25 


0 


34,44 


0 


0 


0 


0 


Phenolic resin E 


0 


35.25 


0 


38.00 


34.44 


34.44 


0 


Phenolic resin F 


0 


0 


0 


0 


0 


0 


34.44 


Curing accelerator 


0.8 


0.8 


0.8 


0.8 


0.8 


1,0 


0.8 


Spiral flow (cm) 


93 


87 


85 


91 


70 


61 


85 


Hardness when hot 


83 


82 


78 


84 


71 


80 


68 1 


TgipC) 


158 


154 


150 


160 


135 


147 


126 


Tg2 (°C) 


166 


164 


162 


170 


160 


164 


158 


(Tg2Tg1)/Tg2 


0.05 


0.06 


0.07 


0.06 


0.16 


0.09 


0.20 


Residual conversion (%) 


3.8 


4.2 


4.3 


3.4 


6.2 


4.1 


7.8 


Package voids 


0 


0 


0 


0 


4 


6 


2 


Moisture resistance 


0/40 


0/40 


0/40 


0/40 


2/40 


13/40 


0/40 


Wire shift (%) 


3 


4 


4 


3 


10< 


10<* 1 


6 


Overall rating 


OK 


OK 


OK 


OK 


NG 


NG 


NG 



*1 wire breaking failures during molding 
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[0050] The data of Table 3 show that as compared with prior art epoxy resin compositions (Comparative Examples), 
the epoxy resin compositions within the scope of the invention are improved in curing and molding performance and 
provide reliable molded parts even when used without postcuring. 

[0051 ] The composition of Comparative Example 1 shows low Tg as molded due to high residual conversion as 
5 molded and increased wire shifts due to poor flow. The composition of Comparative Example 2 is improved in curing 
performance owing to the increased amount of curing accelerator, but at the expense of wire shifts and wire breakage. 
The composition of Comparative Example 3 uses a low viscosity resin for improving flow, which hinders the curing of 
the composition. 

to Exam ples 5-7 and Comp arati ve Example 4 

[0052] Epoxy resin compositions were prepared as in Example 1 except that the amount of the silica mixture blended 
was chang&d as shown in Table 4. These compositions were similarly tested, with the results shown in Table 4. 

is 

Table 4 





E5 


E6 


E1 


E7 


CE4 


Silica mixture (pbw) 


600 


500 


400 


300 


200 


Inorganic filler (wt%) 


85.7 


83.2 


79.9 


75.1 


67.1 


Spiral flow (cm) 


54 


75 


93 


141 


232 


Hardness when hot 


88 


86 


83 


78 


71 


Tg1 eo 


163 


160 


158 


155 


149 


Tg2 (°C) 


171 


168 


166 


164 


162 


(Tg2-Tgl)/Tg2 


0.05 


0.05 


0.05 


0.05 


0.08 


Residual conversion {%) 


3.4 


3.8 


3,8 


3.9 


4.7 



[0053] As is evident from Table 4, compositions with high loadings of the inorganic filler have high Tg as molded and 
are thus best suited for use without postcuring. 

[0054] Japanese Patent Application No. 140538/1998 is incorporated herein by reference. 
35 [0055] Although some preferred embodiments have been described , many modifications and variations may be made 
thereto in light of the above teachings. It is therefore to be understood that the invention may be practiced otherwise 
than as specifically described without departing from the scope of the appended claims. 

Claims 

40 

1. An epoxy resin composition comprising an epoxy resin, a curing agent, and an inorganic filler as essential compo- 
nents, wherein 

(A) at least one of the epoxy resin and the curing agent has such a molecular weight distribution that the aver- 
ts age dispersity Mw/Mn defined as a weight average molecular weight Mw divided by a number average molec- 
ular weight Mn is less than 1 .6, and the content of a two-nucleus compound is less than 8% by weight and the 
total content of seven- and more-nucleus compounds is less than 32% by weight 

(B) the inorganic filler is present in an amount of at least 70% by weight of the entire composition, and 

(C) when the composition is cured at 180°C for 90 seconds into a primary product having a first glass transition 
50 temperature Tgl and the primary product post-cured at 180°C for 5 hours into a secondary product having a 

second glass transition temperature Tg2, the first and second glass transition temperatures Tgl and Tg2 sat- 
isfy the relationship: 

(Tg2-Tg1)/Tg2<0.1. 

55 

2. The epoxy resin composition of claim 1 wherein the epoxy resin is an epoxy cresol novoiac resin and the curing 
agent is a phenolic novoiac resin. 
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The epoxy resin composition of claim 1 wherein an enthalpy change AHO obtained when the composition is ana- 
lyzed by differential scanning colorimetry and an enthalpy change AH1 obtained when the primary product obtained 
by curing the composition at 180 C .C for 90 seconds is analyzed by differential scanning colorimetry satisfy the fol- 
lowing relationship: 

AH1/AH0 < 0.05. 

A semiconductor device encapsulated with the epoxy resin composition of claim 1 in a cured state. 
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(54) Epoxy resin compositions and semiconductor devices encapsulated therewith 

(57) In an epoxy resin composition comprising an 
epoxy resin, a curing agent, and at least 70% by weight 
cf an inorganic filler, at feast one of the epoxy resm and 
the curing agent has such a molecular weight distribu- 
tion as to provide an average dispersity Mw/Mn of less 
than 1.6, a two-nucleus compound content of less than 
8% by weight and a seven- and more-nucleus com- 
pound content of less than 32% by weight When the 
composition is cured at 1 80°C for 90 seconds into a pri- 
mary product having Tgl and the primary product post- 
cured at 180 D G for 5 hours into a secondary product 
having Tg2, the relationship: (Tg2-Tg1 )/Tg2 < 0. 1 is sat- 
isfied. The composition is fast-curing and effectively 
moldabie and cures into a reliable product without a 
need for postcure. 
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